Introduction
Chemokines play a central role in lymphocyte trafficking and homing. The chemokine stromal cell-derived factor-1 (SDF-1 /CXCL12) binds to CXC chemokine receptor 4 (CXCR4).
1,2 CXCR4 is a 7-transmembrane surface structure linked to G proteins.
3
CXCR4 is expressed on a number of cell types, including T cells, hematopoietic stem cells and progenitor cells. SDF-1 /CXCL12 is a highly efficient chemoatractant for T lymphocyte as well as other cells. Targeted disruption of SDF-1 /CXCL12 or CXCR4 is lethal in mice and is associated with the absence of lymphoid and myeloid hematopoiesis in the fetal bone marrow. 4, 5 The p120RasGAP-associated p62 protein Dok-1 (downstream of tyrosine kinase) was originally defined as a tyrosine phosphorylated 62kD protein that co-immunoprecipitated with p21Ras GTPase-activating protein (RasGAP).
4
(CAK ), related adhesion focal tyrosine kinase (RAFTK), and calcium-dependent tyrosine kinase (CADTK) is predominantly expressed in cells derived from hematopoietic lineages and in the central nervous system. [13] [14] [15] [16] Pyk2 is one of the signaling mediators critical for signaling through G protein-coupled receptors, and is activated by signals that elevate intracellular calcium concentrations, it is required for activation of MAPK signaling. Pyk2 is tyrosine phosphorylated after T cell receptor (TCR) stimulation. 17, 18 The aims of our study were to evaluate intracellular effects mediating the chemotaxis induced by SDF-1 /CXCL12 and to determine if this intracellular signaling pathway involved Dok-1, RasGAP and Pyk2. Our results suggest that Dok-1, RasGAP and Pyk2 are involved in SDF-1 /CXCL12 signaling.
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Human leukemic T cell line, Jurkat, Lck deficient T cell line J.CaM1.6, and J.CaM1.6 cells engineered to express Lck were maintained in RPMI1640 supplemented with 10% heat inactivated fetal bovine serum (FBS) with 1% penicillin/streptomycin in a humidified incubator at 37˚C. Murine fibroblast cell line, NIH3T3 cells expressing human CXCR4 and CD4 were maintained in Dulbecco's modified Eagle minimal medium (DMEM) supplemented with 2mM glutamine and 1% penicillin/streptomycin.
Transfections were performed using LipofectAMINE 2000 (Invitrogen) according to the manufacture's protocol. After transfection, cells were sorted using flow cytometry, and used for chemotaxis assay.
For retroviral production, Phoenix-echo cells were transfected with empty vector alone or full length dok-1 using LipofectAMINE 2000. Immunoprecipitation and Western blot analysis Jurkat, J.CaM1.6, and NIH3T3 cells were factor starved overnight, and treated with 100 ng/ml SDF-1 /CXCL12, a pre-determined optimal concentration, at the indicated times, and washed once with ice cold phosphate-buffered saline (PBS). Cells were lysed in lysis buffer containing 20mM Tris-HCl, pH 8.0; 137mM NaCl; 10% glycerol; 1mM phenylmethylsulfonyl fluoride (PMSF); 10µM EDTA; 10µg/ml leupeptin; 100mM
For personal use only. on October 28, 2017 . by guest www.bloodjournal.org From sodium fluoride; 2mM sodium orthovanadate; 1% NP-40, for 20min on ice. Lysates were centrifuged at 12000 rpm for 20 min at 4˚C. The protein content of lysates was determined with a protein assay kit (Bio-Rad Laboratories, Hercules, CA). Equivalent amounts of protein in cell lysates were boiled with 2X SDS sample buffer for 5 min.
For immunoprecipitation, cell lysates were incubated at 4˚C overnight with the indicated precipitating Ab. Immunoprecipitates were collected using 40µl of protein A/G-agarose for 2 hour at 4˚C. After four washings in lysis buffer, immunocomplexes were eluted and boiled 5 min in 2X Sample buffer. Proteins or immunocomplexes were loaded onto polyacrylamide gels (Biowhittaker, Rockland, ME) and then transferred to polyvinylidine difluoride (PVDF) membranes (Millipore, Bedford, MA). The membranes were blocked by 3% skim milk, PBS-Tween 20 (PBST) or 1% BSA PBST and probed with the indicated primary antibody at appropriate dilutions for 2 hour at room temperature (RT) or overnight at 4˚C. Blots were probed with secondary antibodies conjugated horseradish peroxidase, and developed using the enhanced chemiluminescence (ECL, Amersham Phamacia Biotech, Bucks, UK) system with ECL-film according to the manufacturer's specification.
Chemotaxis Assay
Chemotaxis assays for Jurkat, J.CaM1.6, and NIH3T3 cells were done with 48-well microchemotaxis chambers with 8µm pore size polycarbonate filters (PVP free, Neuro Probe Inc. MD). Filters were soaked overnight in 0.1% w/v gelatin solution (Sigma).
The chemotaxis medium (0.2% bovine serum albumin: BSA in DMEM with/without 100ng/ml SDF-1 /CXCL12) was placed in the lower chamber. 50µl of cell suspension (1.6X10 5 cells/ml) in chemotaxis medium (without SDF-1 /CXCL12) was placed in the For personal use only. on October 28, 2017. by guest www.bloodjournal.org From Pyk2 is expressed mainly in the central nervous system and in cells derived from hematopoietic lineages. Pyk2 is activated by a variety of extracellular signals that elevate intracellular calcium concentration, and by stress signals. 13, 16 Phosphorylation of Pyk2 leads to the recruitment of src family kinases and activation of ERKs. 13, 15 We evaluated a role for Pyk2 in SDF-1 /CXCL12 signaling. Pyk2 was tyrosine phosphorylated after SDF-1 /CXCL12 stimulation, without an effect on the total amount of Pyk2 ( Figure 3A) . Vav is an hematopoietic cell-specific guanine nucleotide exchange factor for small GTP-binding proteins. 32 Zap-70 is a PTK that associates with the subunit of the TCR. Zap-70 is tyrosine phosphorylated after TCR stimulation. 33, 34 As seen in Figure 3B , tyrosine phosphorylated Pyk2 associates with Vav and Zap-70 after SDF-1 /CXCL12 stimulation.
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SDF-1 /CXCL12 induces RasGAP association with Pyk2.
RasGAP is an essential component of Ras-activated signaling pathways and down regulates Ras activity. The association of RasGAP with Pyk2 was enhanced after SDF-1 stimulation (Figure 4 ). This suggests that RasGAP association with Pyk2 is involved in SDF-1 /CXCL12 signaling. negatively regulates MAPK activity in T cells. We also found that Dok-1 regulates MAPK activity in response to SDF-1 /CXCL12 signaling ( Figure 5D and E).
Pyk2 is a non-receptor tyrosine kinase belonging to the focal adhesion kinase family. Pyk2 interacts with several signaling intermediates. Pyk2 has no SH2 or SH3
domains, but proline-rich stretches in the C-terminus are proposed to act as ligands for SH3 domain-containing signaling proteins. Pyk2 is constitutively expressed in human T cells and rapidly phosphorylated upon the activation of the TCR. This is associated with its increased association with Src and Grb2. 17, 18 In this paper, we found that Pyk2
For personal use only. on October 28, 2017. by guest www.bloodjournal.org From is tyrosine phosphorylated after SDF-1 /CXCL12 stimulation in Jurkat cells. Moreover, the present data also show that Pyk2 associates with Zap-70, and Vav. Pyk2 has been shown to participate in activation of MAPKs. RasGAP is implicated as a negative regulator of ras, as it is capable of stimulating the intrinsic GTPase inactive GDP-bound form of the molecule. Interestingly, Pyk2 can bind to RasGAP after SDF-1 /CXCL12 stimulation. Thus, Pyk2 also appears to play a role in SDF-1 /CXCL12 signaling and perhaps the regulation of MAPK activity.
In summary, we have demonstrated that SDF-1 /CXCL12 action leading to Dok-1 activation is dependent on src kinases, and Pyk2. There are several signaling pathways induced by SDF-1 /CXCL12. These signaling pathways are regulated by positive and negative regulators.
Dok-1 appears to play a negative role in SDF-1 /CXCL12 signaling and chemotaxis, and Pyk2 may play a positive role.
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